The interpretation of whether a dated metamorphic zircon generation grew during the prograde, peak or retrograde stage of a metamorphic cycle is critical to geological interpretation. This study documents a case at Herrestad, in the eastern part of the 1Á0 Ga Sveconorwegian Province, involving progressive metamorphic recrystallization of gabbro to garnet amphibolite and associated behaviour of Zr-bearing minerals. In this case, textures show that baddeleyite is by far the main source of Zr for metamorphic zircon growth. The amount of metamorphic zircon formed was primarily controlled by the degree of metamorphic recrystallization, which in turn was controlled by deformation and the presence of a fluid as a transport medium. Zircon in the Herrestad rocks shows a range of morphologies and internal textures at different degrees of metamorphic recrystallization. Igneous zircon occurs together with baddeleyite in coarse-grained olivine-free facies of the gabbro. Metamorphic polycrystalline zircon rims on baddeleyite and minute (<5 mm) bead-like zircon grains at Fe-Ti oxide boundaries characterize the transition to coronitic metagabbro. With increasing metamorphic recrystallization, polycrystalline zircon rims grow at the expense of baddeleyite and the amount of minute bead-like zircon increases, forming strings of zircon beads with increasing distance from Fe-Ti oxide grains. The progressive breakdown of baddeleyite results in polycrystalline zircon aggregates that become denser and finally form single grains in completely recrystallized garnet amphibolite. Late magmatic zircon crystallized at 1567 6 5 Ma, whereas metamorphic zircon dates amphibolite-facies metamorphic recrystallization at 970 6 7 Ma. The Herrestad case illustrates a general rule that the bulk Zr budget in originally baddeleyite-bearing rocks will rapidly become locked into metamorphic zircon during the first event of metamorphic recrystallization, when silica and Zr are released from the igneous minerals. Incomplete metamorphic recrystallization and partial preservation of baddeleyite, however, also allows later stages of zircon formation. Thus, in incompletely reacted rocks the final result may be highly complex with microscale zircon of several age generations.
INTRODUCTION
The main difficulty in determining the age of metamorphic events lies in linking the growth of a mineral suitable for geochronology (e.g. zircon) to the growth of the major metamorphic assemblages that record the metamorphic history. Detailed textural control (e.g. zircon morphology, mineral inclusions, zircon growth textures or reaction rims) and chemical data (e.g. Th/U ratio, and other trace element signatures of zircon and major minerals; see Vance et al., 2003 , and references therein) can help to constrain the link between radiometric age and metamorphic stage.
Zircon is one of the most important minerals for dating the metamorphism of mafic rocks and the petrogenesis of zircon has been the focus of a large number of studies. Different processes have been suggested for the formation of metamorphic zircon, including solidstate breakdown of Zr-bearing minerals (Fraser et al., 1997; Bingen et al., 2001; Degeling et al., 2001; Kohn et al., 2015) and precipitation from a fluid phase or partial melt (Williams et al., 1996; Liati & Gebauer, 1999; Rubatto & Herrman, 2003; Hansen et al., 2015) . In the absence of melt, zircon is highly robust to recrystallization and diffusional resetting at most crustal conditions (Cherniak & Watson, 2001) . Zircon can, however, recrystallize if altered (radiation damaged), or as a consequence of substantial incorporation of non-ideal elements such as U or Th (e.g. Geisler et al., 2007) . In principle, zircon may be produced and consumed at more than one stage in a metamorphic P-T cycle and during more than one geological or metamorphic event (Harley et al., 2007; Rubatto & Hermann, 2007) . Most commonly, however, metamorphic zircon formation is attributed to either peak or retrograde metamorphism (Harley et al., 2007; Kohn et al., 2015) .
Prior to metamorphism, mafic rocks such as gabbro or dolerite are composed of igneous high-T minerals. In silica-undersaturated igneous rocks, baddeleyite (ZrO 2 ) is commonly present; igneous zircon may or may not occur. Unlike zircon, baddeleyite is sensitive to metamorphic reaction if silica is present and reacts readily to form zircon (Davidson & van Breemen, 1988; Heaman & LeCheminant, 1993; Sö derlund et al., 2013) . Along with other igneous phases (e.g. pyroxene and Fe-Ti oxides) baddeleyite is a major source of Zr in many igneous mafic rocks.
The purpose of this study is to characterize the gradational metamorphic transition from gabbro to garnet amphibolite, with emphasis on the Zr-bearing phases zircon and baddeleyite, based on a systematic investigation of increasing metamorphic recrystallization of a single gabbro body at Herrestad in the eastern Sveconorwegian Province, SW Sweden. A variety of textural relations at this transition, ranging from wellpreserved olivine gabbro and olivine-free gabbro to partly recrystallized metagabbro, fully recrystallized metagabbro, and porphyroblastic garnet amphibolite, illustrate metamorphic zircon growth during prograde metamorphism. In an attempt to distinguish between different possible generations of zircon, we have also undertaken in situ secondary ionization mass spectrometry (SIMS) analysis of zircon grains in different textural positions. Our results demonstrate that the bulk Zr budget is locked into metamorphic zircon during the first stage of metamorphic recrystallization. Thus, zircon growth is controlled by the onset of recrystallization and determined by the degree of metamorphic recrystallization, which in turn is controlled by deformation and fluid availability rather than specific P-T conditions.
GEOLOGICAL SETTING
The Sveconorwegian Province in southern Scandinavia is composed of several lithotectonic segments, separated by roughly north-south-trending crustal shear zones, that were displaced and reworked during a succession of compressional and extensional orogenic phases at 1Á14-0Á90 Ga (Bingen et al., 2008; Mö ller et al., 2015) . The Herrestad metagabbro is situated in the Eastern Segment, which is the lithological continuation of the pre-Sveconorwegian Baltica crust in the east (Fig. 1a; Mö ller et al., 2015) . The Mylonite Zone is a major tectonic, metamorphic and lithological boundary separating the Eastern Segment from the western Sveconorwegian terranes ( Fig. 1a ; Stephens et al., 1996; Andersson et al., 2002; Viola et al., 2011) . The Eastern Segment is composed of reworked 1Á9-1Á7 Ga orthogneisses and is dominated by 1Á74-1Á66 Ga granitic to quartz-monzodioritic orthogneisses affiliated with rocks of the Transscandinavian Igneous Belt (Sö derlund et al., 1999; Mö ller et al., 2007; Brander et al., 2012; Petersson et al., 2015) . The Sveconorwegian Front defines the eastern boundary of (discrete) Sveconorwegian ductile deformation [ Fig. 1a ; roughly corresponding to the eastern limit of the Sveconorwegian Frontal Deformation Zone of Wahlgren et al. (1994) ]. At least three generations of mafic intrusions occur along the Sveconorwegian Front: the 0Á97-0Á94 Ga Blekinge-Dalarna dolerites, the c. 1Á22 Ga Protogine Zone dolerites and the c. 1Á57 Ga V€ armland hyperites (Sö derlund et al., 2005 , and references therein).
The Eastern Segment has been subdivided into three sections based on the metamorphic grade and style of deformation (Fig. 1a; Mö ller et al., 2015) . From west to east they are: the internal section, the transitional section, and the frontal wedge. Metamorphic grade decreases from high-pressure granulite and upper amphibolite facies with widespread partial melting in the internal section, to amphibolite facies without migmatization in the transitional section, and greenschist facies in the easternmost parts of the frontal wedge (Fig. 1a) ; ductile deformation is near-penetrative in the west but non-penetrative within the frontal wedge (Mö ller et al., 2015, and references therein) . The southern Eastern Segment has also been variably affected by pre-Sveconorwegian metamorphism and magmatism during the 1Á47-1Á38 Ga Hallandian orogeny (Ulmius et al., 2015 , and references therein). P-T estimates have been made for a metagabbro in the easternmost part of the transitional section (the Å ker metabasite). This metagabbro has a partly preserved pristine igneous mineralogy and is partly recrystallized to garnet amphibolite; metamorphic conditions were estimated at 600-630 C and 10-12 kbar (Sö derlund et al., 2004) . Igneous zircon dated by SIMS from the Å ker intrusion yielded a U-Pb age of 1562 6 6 Ma, whereas metamorphic zircon yielded ages of 1437 6 21, 1217 6 75, and 1006 6 68 Ma (Sö derlund et al., 2004) .
Herrestad metagabbro
The Herrestad gabbro is located in the transitional section of the Eastern Segment (Fig. 1a) . It belongs to the oldest generation of Mesoproterozoic mafic intrusions in the easternmost Sveconorwegian Province, with a protolith age of 1574 6 9 Ma [unpublished U-Pb thermal ionization mass spectrometry (TIMS) baddeleyite age; Geological Survey of Sweden database, referred to by Wik et al. (2006) ]. The Herrestad metagabbro is a c. 2Á5 km Â 4 km large, heterogeneously deformed and recrystallized, originally coarse-to medium-grained gabbro (Figs 1b and 2 ). It is surrounded by 1Á7 Ga light reddish, K-feldspar-and quartz-rich granitic orthogneiss, which has been penetratively deformed and recrystallized under amphibolite-facies conditions and folded into kilometre-scale folds with ESE-plunging axes.
The degree of metamorphic recrystallization varies considerably within the Herrestad metagabbro, ranging from well-preserved gabbro to coronitic metagabbro and completely recrystallized gneissic garnet amphibolite (Figs 1b and 2 ). The degree of metamorphic recrystallization generally correlates well with the degree of strain: well-preserved gabbro is found in the centres of undeformed parts of the metagabbro body, garnet amphibolite in penetratively deformed parts, and coronitic metagabbro in between. Variations in metamorphic recrystallization may occur even at the decimetre scale ( Fig. 2a and b) ; for this reason the geological map (Fig.  1b) shows only the general distribution of the varieties. Well-preserved gabbro occurs as metre-scale lenses surrounded by strongly deformed and recrystallized rock. This demonstrates the intimate link between deformation and recrystallization in a single 5 m wide outcrop (Fig. 2) . The well-preserved olivine gabbro is coarse-to medium-grained ( Fig. 3a and b) . The most coarse- grained varieties occur in the central parts of the intrusion, where the gabbro is isotropic, blackish-brown to dark grey with dark plagioclase. Parts of the coarsegrained gabbro lack olivine (Figs 2c and 3c; referred to as olivine-free gabbro). There is a transition from dark to white plagioclase, readily visible in the field ( Fig. 2c and  d) , with increasing recrystallization. The predominant lithology is metagabbro (Fig. 2d) ; that is, a recrystallized rock with a relict igneous texture. Metagabbro varies from rocks with relict cores of primary igneous pyroxene (Fig. 3d) to rocks showing complete replacement of igneous pyroxene by amphibole and partly recrystallized plagioclase (Fig. 3e) . Garnet amphibolite is devoid of primary igneous textures and consists of mafic and felsic polycrystalline domains rich in amphibole and plagioclase, respectively (Figs 2e and 3f) . Garnet is present in all varieties from metagabbro to amphibolite, although the amount and size of garnet varies. One younger and finer-grained metadolerite dyke of unknown absolute age has been found within the Herrestad metagabbro; it is not considered further here.
PETROGRAPHY
Based on petrographic character, the varieties of the Herrestad metagabbro are subdivided into four types: olivine gabbro, olivine-free gabbro, metagabbro and garnet amphibolite. The transitions between the types Fig. 3 . Representative thin sections illustrating different degrees of metamorphic recrystallization, from gabbro to garnet amphibolite. Mineral abbreviations; amp, amphibole; ap, apatite; bt, biotite; grt, garnet; ilm, ilmenite; ol, olivine; pl, plagioclase; px, pyroxene; qtz, quartz; ti-mag, titanomagnetite. (a) Well-preserved coarse-grained sub-ophitic olivine gabbro with intercumulus pyroxene, subhedral olivine with double corona and biotite surrounding titanomagnetite (sample vv01a). (b) Medium-grained olivine gabbro with sub-ophitic texture and igneous mineralogy (vv18). (c) Coarse-grained olivine-free gabbro with sub-ophitic texture, igneous plagioclase and interstitial pyroxene. Pyroxene shows marginal alteration to amphibole (uralitization); the opaque minerals are mainly titanomagnetite (vv01c). (d) Coarse-grained metagabbro; the primary pyroxene is to a large extent replaced by amphibole between relict plagioclase laths. Opaque mineral grains, dominantly ilmenite, are surrounded by coronas of biotite and garnet. Some relict cores of pyroxene are still preserved (vv01b). (e) Medium-grained metagabbro, with relict igneous texture. Green amphibole replacing pyroxene; light domains are composed of recrystallized plagioclase and quartz. Garnet and biotite are confined to opaque grains of ilmenite (vv31). (f) Garnet amphibolite; main minerals are garnet porphyroblasts, amphibole and light domains of granoblastic plagioclase and quartz. (vv23). are gradual and have been studied in thin sections from 11 samples. A short description and geographical coordinates of all samples are given in Table 1 .
Olivine gabbro
The olivine gabbro is coarse-to medium-grained and sub-ophitic, with euhedral plagioclase laths and interstitial pyroxene and Fe-Ti oxides ( Fig. 3a and b) . Plagioclase is clouded by micro-inclusions of Fe-Ti oxides (see Johansson, 1992; Estifanos et al., 1997) . Late crystallizing interstitial plagioclase appears less clouded. Olivine occurs as large irregular grains in the coarsegrained gabbro and as subhedral grains often enclosed in pyroxene in the medium-grained variety. No detailed estimates of mineral volumes have been made; however, compared with the coarse-grained gabbro (10 vol. % olivine) there appears to be more olivine in the medium-grained gabbro (20 vol. % olivine) than in the coarse-grained gabbro. Olivine is enclosed by a double corona with an inner clear rim of orthopyroxene and an outer bluish-green rim of amphibole. Pyroxene fills the interstices between plagioclase laths. Both orthopyroxene and clinopyroxene are present. Clinopyroxene is augite in composition, but contains Ca-poor lamellae, probably orthopyroxene; however, these are too thin to analyse. Large grains of orthopyroxene (55 mol % enstatite) contain lamellae of clinopyroxene. The main oxides are large irregular grains of titanomagnetite, composed of magnetite with ilmenite lamellae and often surrounded by reddish biotite. Apatite is common in domains with titanomagnetite and biotite. Occasionally there is a thin rim of green amphibole between pyroxene and plagioclase. Accessory minerals are amphibole, pyrite, baddeleyite, ilmenite and, locally, green spinel.
Olivine-free gabbro
The olivine-free gabbro is coarse-grained ( Fig. 3c ) and resembles the coarse-grained olivine gabbro except for the lack of olivine and replacement minerals after olivine such as intergrowths of magnetite, orthopyroxene and spinel. Pyroxene is rimmed by green amphibole and is in many places uralitized (probably associated with late magmatic fluid influx). Accessory minerals are quartz, zircon, baddeleyite and apatite.
Metagabbro
The magmatic texture is preserved in the metagabbro although pyroxene is partly recrystallized to dark green amphibole or, with increasing recrystallization, completely replaced by green amphibole (Fig. 3d ). Biotite grains are larger and less reddish than in the pristine gabbro, although still restricted to the Fe-Ti oxide domains. Most of the magnetite in the Fe-Ti oxides has been consumed by garnet-forming reactions, leaving skeletal grains of ilmenite within biotite and surrounded by a corona of garnet. Large clouded plagioclase laths have been partly replaced by new clear unzoned polycrystalline plagioclase (Fig. 3e) . Quartz, apatite, zircon, baddeleyite and allanite are accessory phases.
Garnet amphibolite
Garnet amphibolite ( Fig. 3f) is composed of light plagioclase-and quartz-rich domains and darker domains of green amphibole, biotite and garnet. Plagioclase is granoblastic, unzoned and commonly untwinned. All primary titanomagnetite has been consumed and the opaque domains consist of small, sub-rounded, irregular grains of ilmenite. Garnet occurs as large inclusionrich porphyroblasts. The texture suggests equilibrium. Accessory minerals are apatite and zircon.
ANALYTICAL METHODS Petrography
The morphology and internal textures of zircon and baddeleyite were studied in polished thin sections by petrographic microscope, back-scattered electron (BSE) and cathodoluminescence (CL) imaging using a Hitachi S3400N scanning electron microscope (SEM) operating at 15 kV and equipped with an X-ray energy dispersive system at the Department of Geology, Lund University, Sweden.
Geochronology

SIMS analyses of in situ and separated zircon
Zircon in thin sections from six samples was identified, mapped, and characterized texturally using BSE imaging and reflected light microscopy. Zircon-bearing micro-domains within each thin section were cut out using a diamond saw. The pieces of thin section were mounted in epoxy together with zircon standard 91500 (Wiedenbeck et al., 1995) , repolished and gold coated. In total 79 in situ analyses of 41 zircon grains from thin sections of gabbro, metagabbro and garnet amphibolite were performed. One sample of garnet amphibolite was crushed with a hammer and pulverized using a carbon steel swingmill. Heavy mineral separates were recovered using a Wilfley table; thereafter the magnetic minerals were removed using a hand-magnet (for details, see . Zircon grains were handpicked, mounted on double-faced tape and cast in epoxy together with 1065 Ma Geostandard zircon 91500 (Wiedenbeck et al., 1995) . BSE imaging was done to locate zircon in the mount, after which the mount was gold coated for SIMS analysis.
In situ U-Th-Pb analyses of zircon (situated in thin sections and separated from matrix) were performed using a CAMECA IMS 1280 ion-microprobe at the NORDSIM laboratory at the Museum of Natural History in Stockholm. Analytical procedures essentially followed those by Whitehouse et al. (1999) and Whitehouse & Kamber (2005) . A c. 2 nA, -13 kV O 2 -primary beam was used to generate a spot diameter of c. 10 mm on the sample. Pbisotope ratios were corrected for common Pb estimated from measured 204 Pb, assuming the present-day terrestrial Pb isotope composition estimated from the model of Stacey & Kramers (1975) . Age calculations have assumed the decay constant recommendations of Steiger & J€ ager (1977) and utilized the routines of Isoplot-Ex (Ludwig, 2004) . All data are summarized in Supplementary Data (SD) Electronic Appendix 
ZIRCON AND BADDELEYITE TEXTURES
Baddeleyite is a common igneous accessory mineral in the olivine gabbro, the olivine-free gabbro and the wellpreserved metagabbro, but is absent in the garnet amphibolite. Five types of zircon, varying in size, morphology and textural setting, have been identified in 11 studied samples at the transition from gabbro to garnet amphibolite. Fig. 4 . BSE images of baddeleyite and zircon rims (type 2) on baddeleyite. Grain number (e.g. a1) and white ellipses correspond U-Pb zircon analyses (SD Electronic Appendix Table 2 ). The related 207Pb/206Pb age is in Ma and the dashed ellipses have been excluded from the age calculation. Abbreviations are the same as in Fig. 3 ; bdy, baddeleyite; zrn, zircon. (a) Single baddeleyite grain; it should be noted that a thin film of zircon is present around the baddeleyite (vv18). (b) Baddeleyite grains with thin zircon rim, illustrating that baddeleyite often forms clusters of two or more grains (vv18). (c) Baddeleyite together with ilmenite set in plagioclase in a coarsegrained olivine gabbro. Note zircon rim surrounding both ilmenite and baddeleyite although thicker in contact with the baddeleyite. Later fracture filled with Fe oxide crosscuts the ilmenite. The lower part of the image shows the rare occurrence of well-preserved baddeleyite without a zircon rim (vv01a). (d) Large baddeleyite grain with polycrystalline zircon rim at the border between amphibole and pyroxene (vv01c). (e) Baddeleyite grain rimmed by zircon. Note zircon grains above and to the right as well as small round zircons in between. Zircon has also nucleated on a large apatite to the left (vv01c). (f) Zircon rims with well-developed crystal faces on remnant baddeleyite grains. Also noteworthy is stubby zircon prism situated between baddeleyite grains, all set in amphibole between plagioclase and pyroxene (vv01c). (g) Minute core of baddeleyite surrounded by polycrystalline zircon rim (vv39a). (h) Typical baddeleyite core with polycrystalline zircon rim. The baddeleyite core is fractured, although that is difficult to see in the image (vv01c).
Baddeleyite
Olivine gabbro
Baddeleyite crystals are up to 50 mm long and occur as single grains (Fig. 4a) or as clusters of laths ( Fig. 4a and  b) . Most baddeleyite grains are situated in the interstices of plagioclase laths where plagioclase is less clouded. Baddeleyite is everywhere rimmed by a thin film of zircon ( Fig. 4a and b) , except for a few ( 10 mm) grains of baddeleyite situated inside well-preserved plagioclase, pyroxene or biotite (Fig. 4c) . Occasionally, where baddeleyite and accessory ilmenite occur together, both minerals are enclosed by a collar of zircon (Fig. 4c) .
Olivine-free gabbro
Baddeleyite is situated within plagioclase interstices or where uralite has formed between plagioclase and pyroxene, often together with igneous biotite (Fig. 4d) . Quartz, K-feldspar and zircon (igneous) are commonly present in the vicinity of baddeleyite ( Fig. 4e and f) . In the olivine-free gabbro baddeleyite is everywhere rimmed by zircon (see below). 
Metagabbro
Baddeleyite occurs as resorbed remnant grains rimmed by polycrystalline zircon in the least recrystallized metagabbro ( Fig. 4g and h ). The thickness of zircon rims on baddeleyite increases with increasing metamorphic recrystallization ( Fig. 4a-h ), resulting in a baddeleyite-free polycrystalline zircon aggregate (see below) at advanced stages.
Igneous zircon (type 1)
Igneous zircon is absent in the olivine gabbro, but abundant in the olivine-free gabbro. It is present in the investigated metagabbro samples, irrespective of the degree of metamorphic recrystallization (Fig. 5a-h) ; igneous zircon grains are larger and more abundant in rocks with coarse primary mineralogy. Despite extensive SEM imaging only one igneous-type zircon grain (not dated) was found in the fully recrystallized garnet amphibolite.
Igneous (type 1) zircon varies in morphology and shape from euhedral with well-developed crystal faces (Fig. 5a ), to anhedral and irregular (Fig. 5b) . Common for all igneous zircon grains is no or a weak cathodoluminescence. In the olivine-free gabbro, subhedral 5-30 mm zircon grains form aggregates located close to baddeleyite with zircon rims (Figs 4e, f and 5c ). Other igneous zircon crystals have BSE-dark, altered domains, which contain non-formula elements such as Ca, Al and Fe (Fig. 5d, e and h ). Some of these zircon grains host BSE-bright inclusions rich in Th or U, mostly too small for accurate analysis. One inclusion large enough to permit analysis proved to be huttonite (ThSiO 4 ; Fig. 5e ). Most of the igneous zircon grains have inclusions (Fig.  5c, d, f and g ), a few show overgrowths of secondary zircon (Fig. 5f) , and some have rounded grain boundaries and embayments (Fig. 5g) or are fractured ( Fig. 5g  and h ).
Zircon rims on baddeleyite (type 2)
Baddeleyite is, with a few exceptions in the olivine gabbro, rimmed by zircon (Fig. 4a-c) . The thickness of the zircon rim increases with increasing degree of recrystallization of the rock, from a few microns wide rim (only notable in BSE images) to an almost complete replacement enclosing a minute core of remnant baddeleyite ( Fig. 4g and h ). The zircon rims are irregular and mimic the shape of the replaced baddeleyite (Fig. 4d, g and h) but are not perfect pseudomorphs. A few zircon rims on baddeleyite typically situated close to what is here interpreted as igneous type 1 zircon are non-composite crystals, and have well-developed crystal faces and a low-CL signal (Fig. 4e and f) . These zircon rims are interpreted as igneous in origin. The majority of zircon rims, however, are clearly polycrystalline and are CL-bright, and these are interpreted as metamorphic in origin ( Fig.  4g and h ).
Polycrystalline zircon aggregates (type 3)
Irregular aggregates of polycrystalline zircon without baddeleyite cores occur in the metagabbro and the garnet amphibolite. Only one aggregate of polycrystalline zircon, interpreted as a pseudomorph after baddeleyite, has been observed in the olivine gabbro (Fig.  6a) . Polycrystalline zircon aggregates vary in size from 10 to 150 mm, and appear larger and more numerous in the metagabbro than in the garnet amphibolite. In the metagabbro, some polycrystalline aggregates are loosely connected (Fig. 6b) , whereas others of similar size are dense and comparatively homogeneous (Fig.  6c-e) . The polycrystalline zircon aggregates occur variably enclosed in amphibole (in the metagabbro and the garnet amphibolite), or in association with igneous (type 1) zircon (in the metagabbro). The aggregates show no internal zoning in BSE images but in CL they appear composed of a cluster of several nuclei with a CL-bright signature ['raspberry texture' of Davidson & van Breemen (1988) ]. The contrast in CL between polycrystalline zircon (type 3) and igneous zircon (type 1) is visible in Fig. 6f . In the garnet amphibolite, zircon that appears homogeneous in BSE images is clearly polycrystalline in CL images ( Fig. 6g  and h ).
Inclusion-rich zircon (type 4)
A few zircon grains in one sample of metagabbro (vv31b; Fig. 7a and b) differ slightly in appearance from the polycrystalline zircon described above. These zircon grains are rounded and irregular in shape, the inner parts having a high density of inclusions of the same mineral species as in the matrix, such as plagioclase, amphibole, and quartz. Inclusion-rich zircon is on average less than 30 mm in diameter and the inclusions are up to 2 mm in diameter. In contrast to polycrystalline zircon, the inclusion-rich zircon shows faint patchy contrasts in BSE images, in places with a BSE-bright fractured rim. The inclusion-rich zircon is situated in amphibole and in places is surrounded by radial fractures.
Bead zircon and zircon associated with Fe-Ti oxides (type 5) Tiny <5 mm rounded or slightly oval zircon grains associated with Fe-Ti oxides occur in all samples (Fig. 8a-h ). They are rare in the olivine gabbro but abundant in the olivine-free gabbro, the metagabbro and the garnet amphibolite.
Olivine gabbro
Bead zircon (type 5) is scarce in the olivine gabbro but has been observed in the coarse-grained variety outside ilmenite, close to baddeleyite with zircon rims (type 2) in micro-domains of amphibole replacing igneous pyroxene. 
Olivine-free gabbro
Bead zircon and zircon rims on Fe-Ti oxides are commonly found in close spatial association with baddeleyite rimmed by zircon. Zircon forms up to 4 mm thick rims on skeletal ilmenite grains ( Fig. 8a and b) . These ilmenite grains are remnants after titanomagnetite and are commonly enclosed in biotite. Bead zircons are situated at titanomagnetite borders and occur as minute grains or rims within inclusions hosted by titanomagnetite ( Fig. 8c and d) .
Metagabbro
In samples with more advanced metamorphic recrystallization, strings of minute zircon beads can be followed across large grains of titanomagnetite (Fig. 8e) or ilmenite (Fig. 8f) , suggesting that they occur along former fractures. The strings of zircon beads terminate at the Fe-Ti oxide boundary. Up to 600 mm long strings of zircon beads can be traced within and between ilmenite grains in the extensively recrystallized metagabbro (Fig.  8g and h) . 
Garnet amphibolite
Bead zircon is the most commonly observed zircon type in the completely recrystallized garnet amphibolite, although strings are on average much shorter ( 200 mm) than in the metagabbro (Fig. 8f) . Bead zircon is everywhere spatially associated with ilmenite, but occurs in all major mineral phases.
ANALYTICAL RESULTS
In situ U-Th-Pb dating of zircon in thin sections
Seventy-nine in situ SIMS analyses of 41 zircon grains in six thin sections of gabbro, metagabbro and garnet amphibolite were performed (SD Electronic Appendix Table 2 ). There were significant difficulties in targeting the minute and vaguely discernible zircon grains in the thin sections and consequently some spots were misplaced and missed the target (denoted 'missed target' in the analytical table), some cut across zircon domains of different age and character (mixed analysis), and others probed or straddled the zircon-matrix mineral interface or zircon-zircon grain boundaries. For all analyses of bead zircon (type 5) the spot was larger than the zircon grain. Data with 206 Pb/ 204 Pb ratios below 1500 (resulting in large common-Pb corrections and uncertainties) and misplaced spots were excluded from the age calculation and plotting (excluded data are indicated in SD Pb age; concordia age error ellipse is plotted with a bold black line. (c) U-Pb analyses of zircon rims on baddeleyite (type 2), polycrystalline zircon (type 3) and inclusion-rich zircon (type 4). The data show a significant spread in ages; zircon rims on baddeleyite (type 2) indicate mixed ages or several stages of rim formation. The majority of polycrystalline zircon (type 3) plots at about 970 Ma. (d) U-Pb analyses of zircon separated from garnet amphibolite (vv23). Dashed ellipse has been omitted from the age calculation; concordia age error ellipse is plotted with a bold black line. Electronic Appendix Table 2 ). All remaining U-Pb data, a total of 46 analyses, are plotted in Fig. 9 , showing the distribution of the results from the different zircon types and age calculations.
Igneous zircon (type 1)
Analyses of BSE-bright igneous zircon (type 1), which occurs in all samples of the olivine-free gabbro and the metagabbro, are shown in Fig. 9b as dark blue ellipses. Analyses representing altered areas (BSE-darker and inclusion-rich domains; see description under type 1 zircon and for Fig. 5d , e and h) of the same zircon are strongly discordant (34-47%; light blue ellipses in Fig.  9a ) and on average richer in U and Th and lower in Pb than the BSE-brighter homogeneous (not altered) domains ( Fig. 10a and b) . There is also a greater discrepancy between measured and calculated Th/U ratios in BSE-dark zircon compared with BSE-bright zircon. These characteristics suggest that BSE-dark zircon records radiation damage (owing to high U-Th concentrations) and extensive but variable degrees of Pb loss (both recent and ancient). Analyses of BSE-dark domains in zircon (light blue ellipses in Fig. 9a ) have hence been omitted from the age calculations. Omitting three analyses with relatively large 207 Pb/ 206 Pb errors over 0Á5% (e8, u6 and ö a3, Fig. 9b ; SD Electronic Appendix Table 2 ) the remaining 20 analyses of BSE-bright zircon (type 1) yield an upper intercept age of 1562 6 6 Ma (MSWD ¼ 1Á6; Fig. 9b ; SD Electronic Appendix Zircon rims, polycrystalline zircon and inclusionrich zircon (types 2, 3, and 4) Analyses of zircon rims (type 2), polycrystalline zircon (type 3), and inclusion-rich zircon (type 4) scatter with 207 Pb/ 206 Pb ages ranging from 1459 to 944 Ma (green and yellow ellipses in Fig. 9a and c; SD Electronic Appendix Table 2 ), but with a distinct cluster of ages between 1000 and 900 Ma. Th/U ratios and U concentrations are on average lower in zircon types 2, 3, and 4 than in the igneous zircon ( Fig. 10a and b ; SD Electronic Appendix Table 2 ).
BSE imaging revealed that two spots located in zircon rims (type 2, c5, Fig 4e; ö l2, SD Electronic Appendix Table 2 ) are situated very close to the baddeleyite core. In other zircon rims, tiny (1 mm or less) remnants of baddeleyite are visible interstitially between the zircon neoblasts (Fig. 4d) . Such remnants of baddeleyite may explain data spread towards older 207 Pb/ 206 Pb ages (>1000 Ma). Zircon rims on baddeleyite situated close to igneous zircon have higher Th/U ratios (e.g. compare analyses of grain a and ö l; SD Electronic Appendix Table 2) indicating that at least part of the rim must have formed at a late magmatic stage together with igneous (type 1) zircon.
Because of their small size ($30 mm) and the amount of inclusions, the two analyses of inclusion-rich zircon (type 4, yellow ellipses in Fig. 9c ) scatter significantly. Technical limitations of in situ analyses of zircon in thin section, such as targeting the zircon grains, spot size and plausible contaminations of common lead, have caused scatter in the data. These could also be due to mixed ages (of igneous zircon or baddeleyite and metamorphic zircon) or indicate several stages of zircon formation. Therefore, metamorphic zircon grains were also separated from a part of the Herrestad intrusion that is well recrystallized into garnet amphibolite (described below).
Bead zircon (type 5)
Owing to the small small size of bead zircon and zircon associated with ilmenite ( Fig. 8a-h ), the spot mixed these grains with matrix mineral. Of these only two analyses have 206 Pb/ 204 Pb ratios above 1500 and plot reversely discordant (orange ellipses shown in Fig. 9a 
U-Th-Pb age determination of separated zircon
Because of difficulties in targeting the minute and vaguely discernible zircon grains in thin sections, zircon grains from one sample of completely recrystallized garnet amphibolite (vv23, Fig. 2f ) were separated and analysed in a mount. The retrieved zircon grains are on average $30 mm large, anhedral and homogeneous in BSE images. CL images (Fig. 6g and h ) reveal that they are all composed of polycrystalline zircon ( Fig. 6g and  h ). Ten analyses were made in the zircon cores (light green ellipses in Fig. 9d ). One analysis has higher U and Th concentrations than the others (ö m10, SD Electronic Appendix Table 2 ) and is also discordant. The remaining nine analyses define a common concordia age of 970 6 7 Ma (Fig. 9d, 2r , MSWD ¼ 1Á5; of equivalence and concordance) and a weighted average 206 Pb/ 238 U age of 966 6 8 Ma (2r, MSWD ¼ 1Á6). Th/U ratios for the separated zircon are on average lower than for the in situ analyses of polycrystalline zircon (Fig. 10a) .
INTERPRETATION OF ZIRCON FORMATION Igneous zircon (type 1)
Igneous zircon is absent in the Herrestad olivine gabbro, but present in the olivine-free gabbro, presumably formed at a late stage of igneous crystallization in Zrenriched interstitial melt pockets. Other textures in the olivine-free gabbro are also typically late igneous features, such as uralitization of pyroxene, biotite growth, and crystallization of small interstitial quartz grains and igneous zircon rims (i.e. better developed crystal habit compared with the clearly polycrystalline rims) on baddeleyite. The igneous zircon shows a large variation in morphology, but is CL-dark throughout. In total, 20 igneous zircon grains were analysed, in four of which (t, w, y and z; SD Electronic Appendix Table 2 ) only altered parts were analysed. All other analyses of altered zircon domains (light blue ellipses in Fig. 9a ) are linked with corresponding pristine igneous domains in the same grains ( Fig. 9a and b ; SD Electronic Appendix Table 2 ). The upper intercept age of 1562 6 6 Ma and the concordia age of 1567 6 5 Ma (dark blue ellipses in Fig. 9b ) are identical within error and in agreement with the 1574 6 9 Ma U-Pb TIMS age of baddeleyite in the coarse-grained olivine gabbro (sample similar to vv01a; unpublished data, Geological Survey of Sweden database) and, hence, constrain the igneous crystallization age of the Herrestad gabbro. The igneous zircon probably crystallized directly from a Zrsaturated magma (see Scoates & Chamberlain, 1995; Hoskin & Schaltegger, 2003) . The absence of igneous zircon in the olivine gabbro is probably due to its silicaundersaturated bulk composition; this is also interpreted as the cause for the lack of igneous zircon in the garnet amphibolite sample (vv23).
Zircon rims on baddeleyite (type 2)
Baddeleyite easily reacts to form zircon in the presence of silica (Davidson & van Breemen, 1988) . Zircon coronas on baddeleyite may form by an influx of silica or changes in silica activity and are regarded as a common cause for discordant baddeleyite ages (i.e. mixing of igneous baddeleyite and a younger zircon rim; Davidson & van Breemen, 1988; Sö derlund et al., 2013) . In contrast, Beckman et al. (2014) inferred a magmatic origin for parts of zircon rims on baddeleyite. In the Herrestad metagabbro, the close spatial association between baddeleyite and igneous zircon (type 1) suggests that both minerals formed at a late stage of igneous crystallization. Similarly, it is also plausible that some zircon rims on baddeleyite formed at a late magmatic stage. The late magmatic melt was probably enriched in Zr and had a silica activity allowing simultaneous crystallization of both baddeleyite and zircon. This is also indicated by the higher Th/U ratios of zircon rims situated close to igneous zircon (e.g. analyses a1-3 and c5; Fig.  10a and b; SD Electronic Appendix Table) compared with zircon rims not associated with igneous zircon (e.g. analyses j and ö l1-3; Fig. 10a and b ; SD Electronic Appendix Table 2 ). Furthermore, a few zircon rims (type 2) on baddeleyite show idiomorphic crystal faces (Fig.  4f) where they are in close spatial association with igneous zircon (type 1); consequently, those parts of the zircon rims are inferred to be partly magmatic in origin.
Nevertheless, abundant textural relations suggest that the polycrystalline zircon rims on baddeleyite formed during metamorphic recrystallization ( Fig. 4g  and h ). When a silica-rich fluid was released during Sveconorwegian metamorphism baddeleyite reacted to form polycrystalline zircon (cf. Davidson & van Breemen, 1988) . Where the reaction proceeded to completion it resulted in a pseudomorph consisting of polycrystalline zircon (Fig. 6a) , but where it came to a halt it resulted in partial replacement, leaving an unaltered core of baddeleyite ( Fig. 4g and h ). This illustrates that a succession of events can repeatedly restart the same reaction and result in a complex age pattern; a prerequisite is that the polycrystalline zircon rim is porous enough to allow fluid infiltration (see Harlov & Austrheim, 2013) . Locally in the Herrestad metagabbro, zircon rims enclose tiny (1 mm or less) remnants of baddeleyite interstitially between neoblasts (Fig. 4d and e) ; if the zircon-baddeleyite aggregate is dated, it will result in mixed ages.
To summarize, there are four possible explanations for the observed spread in ages of the zircon rims on baddeleyite (Fig. 9c, dark green ellipses): (1) mixing between metamorphic and igneous zircon (the latter formed during simultaneous crystallization of igneous zircon and baddeleyite); (2) mixing between metamorphic zircon and minute inclusions of igneous baddeleyite ( Fig. 4d and e) ; (3) and (4) baddeleyite reacted to form zircon at a time between the two main events, owing to either (3) introduction of a silica-bearing fluid associated with hydrothermal or magmatic activity or (4) metamorphism. In the Herrestad case, the effects of events taking place between the igneous crystallization and the main Sveconorwegian metamorphic event cannot be ruled out, but we consider most of the age spread to be caused by complex intergrowths on the micro-scale [explanations (1) and (2)].
Polycrystalline zircon (type 3)
The gradual transition of baddeleyite to zircon can be followed through stages of increasing metamorphic recrystallization, from just a thin film of zircon on baddeleyite (olivine gabbro) to polycrystalline zircon aggregates with only a minute core of baddeleyite (metagabbro). Where only aggregates of polycrystalline zircon remain (in extensively recrystallized metagabbro and garnet amphibolite) they are interpreted as the end product of reaction between baddeleyite and a silicarich fluid (see Davidson & van Breemen, 1988; Amelin et al., 1999) . There is a clear difference between polycrystalline metamorphic zircon (types 2 and 3) and igneous zircon (type 1), where the former has a bright CL-signature and the latter almost no CL-signal at all (particularly well illustrated by Fig. 6e and f) .
The polycrystalline aggregates appear to become denser and more homogeneous, although still polycrystalline ( Fig. 6c and d) , with increasing recrystallization. A plausible mechanism that has been suggested for grain coarsening is Ostwald ripening, where smaller grains are more soluble and will dissolve in favour of larger ones (Nemchin et al., 2001; Peck et al., 2010) . The process requires abundant small zircons (Peck et al., 2010) and is enhanced in the presence of a fluid (Ayers et al., 2003) . Only the zircon grains that are above the critical radius for Ostwald ripening will survive. Speaking against the process of Ostwald ripening is the observation that despite the end product being a single uniform structure, it is composed of several nuclei. We speculate that the densification and homogenization of polycrystalline zircon aggregates (type 3) is due to a sintering process, in which individual grains coalesce (at elevated temperature but without melting). It is a diffusion-based process driven by the reduction of the total interfacial energy and results in a product with a lower specific surface area (see Vernon et al., 2008) . This is consistent with the observations of single zircon grains in the garnet amphibolite that were clearly initially composed of polycrystalline zircon (visible in CL images but homogeneous in BSE images; Fig. 6g and  h ). Nine concordant analyses of separated (initially polycrystalline) zircon grains from garnet amphibolite yield a weighted average 206 Pb/ 238 U age of 966 6 8 Ma (2r, MSWD ¼ 1Á6) and a common concordia age of 970 6 7 Ma (Fig. 9d, 2r , MSWD ¼ 1Á5; of equivalence and concordance), which is interpreted to date the major formation of metamorphic zircon.
Inclusion-rich zircon (type 4)
Inclusion-rich zircon (type 4) is scarce and is found only in one sample of metagabbro (vv31). Analogous to polycrystalline zircon (type 3) this zircon type consists of minute composite grains, but it has many more inclusions and also a faint mottled texture under BSE imaging ( Fig. 10a and b) . Type 4 grains also have lower CL intensity than polycrystalline (type 3) zircons in the same sample. Interestingly, the two analyses of inclusion-rich zircon (in Fig 10a and b and Table 1 ) have higher U concentrations and Th/U ratios compared with polycrystalline zircon. We hypothesize two possible processes for the formation of type 4 zircon: either it formed in the same way as the polycrystalline zircon, or it is the result of fluid-assisted recrystallization of altered igneous (type 1) zircon. Porous inclusion-rich zircon has been suggested to form by hydrothermal or fluid-assisted alteration of altered igneous zircon (Rubin et al., 1989; Geisler et al., 2007; Hay & Dempster, 2009) . If altered (type 1) zircon were the source for the type 4 zircon the latter would be expected to occur commonly throughout the transition.
Bead zircon and zircon associated with Fe-Ti oxides (type 5) Small ( 60 mm) accessory grains of ilmenite occur together with baddeleyite in interstitial plagioclase domains of the coarse-grained olivine gabbro. There is no indication of baddeleyite being exsolved from ilmenite; instead, textures suggest simultaneous crystallization (Fig. 4c ). Baddeleyite and ilmenite are both rimmed by zircon, and the zircon rim is thicker on the baddeleyite. With the exception of such small accessory grains, ilmenite is uncommon elsewhere in the olivine gabbro, the olivine-free gabbro and the well-preserved metagabbro; instead, the major Fe-Ti oxide is titanomagnetite (magnetite with ilmenite lamellae).
In the olivine-free gabbro and the well-preserved metagabbro, following what appears as former microscale fluid pathways, bead zircon has nucleated on the grain boundaries of Fe-Ti oxides in the vicinity of baddeleyite. Bead zircon can sometimes form up to 3 mm thick rims on Fe-Ti oxide surfaces facing baddeleyite ( Fig. 8a and b) . No inclusions or exsolutions of baddeleyite or zircon have been observed within primary large titanomagnetite grains in the Herrestad gabbro. Instead, textural relations in the metagabbro and the garnet amphibolite, such as the presence of strings of bead zircon following healed fractures across Fe-Ti oxides ( Fig. 8e and f) and the close spatial relation to baddeleyite, suggest that Fe-Ti oxide is a preferential nucleation site for zircon. With increasing metamorphic recrystallization of the metagabbro, ilmenite becomes the dominant Fe-Ti oxide and the amount of bead zircon increases whereas the baddeleyite content decreases. Strings of bead zircon are longer in the metagabbro than in the garnet amphibolite, although always confined to ilmenite domains. Several publications have reported close textural relations between zircon and Fe-Ti oxides (e.g. Bingen et al., 2001; Sö derlund et al., 2004; Austerheim et al., 2008; Morisset & Scoates, 2008; Beckman et al., 2014) . Although the mechanism for zircon formation may vary, ilmenite is commonly considered to be a possible source for Zr (Bea et al., 2006; Charlier et al., 2007; Sl ama et al., 2007) . It has, however, proven difficult to obtain reliable analyses of Zr in ilmenite (Bea et al., 2006; Sl ama et al., 2007; Beckman et al., 2014) . Bead zircon may thus form either by breakdown of baddeleyite or by breakdownrecrystallization of Fe-Ti oxides, possibly repeatedly (at late magmatic and metamorphic stages). No reliable age could be determined for bead zircon as these grains are smaller than the analytical spot.
Baddeleyite as the major zirconium source
Sparse information exists about how Zr is redistributed during replacement of baddeleyite by zircon, but the reaction requires an input of silica, either by a late magmatic (deuteric) silica-rich fluid or by a metamorphic reaction (commonly also involving fluid). The replacement causes volume increase unless Zr is removed (Davidson & van Breemen, 1988) . The different molar volumes alone of baddeleyite (21Á2 cm 3 mol -1
) and zircon (39Á3 cm 3 mol -1 ) make the reaction require an increase in volume by c. 85%. Silica-bearing fluids moving along grain boundaries, fractures, and pores allow zircon to nucleate on the baddeleyite surface (e.g. Putnis & Austerheim, 2010) . The baddeleyite will be entirely consumed and form a zircon pseudomorph if the fluid can remain in contact with the baddeleyite. If volume is to be kept constant, excess Zr has to dissolve in the fluid phase and zircon has to precipitate elsewhere. The reaction will cease when there is no more silica, or if baddeleyite is consumed or shielded by zircon. A higher molar volume of zircon will act to reduce porosity and shield the core of baddeleyite, but can also cause fracturing of baddeleyite and thus increase permeability (Putnis & Austerhiem, 2010) .
In the pristine Herrestad gabbro, the textures suggest that baddeleyite is by far the largest source of Zr. To our knowledge there is in the literature no textural documentation of volume expansion during secondary zircon growth, although polycrystalline zircon rims and pseudomorphs after baddeleyite are commonly described phenomena. There are few signs of fractures around baddeleyite with zircon rims or pseudomorphs after baddeleyite. Fraser et al. (1997) suggested a formula for calculating the volume of zircon produced during breakdown of a reacting mineral. If applied to baddeleyite, the volume of zircon produced by the breakdown of baddeleyite is 1Á8 times the initial volume. A spherical baddeleyite with a radius of only 10 mm would produce well over 200 bead zircon crystals with a radius of 2 mm, providing a plausible mechanism for forming bead zircon along healed fractures ( Fig. 8e  and g ) and on Fe-Ti oxide grain boundaries (Fig. 8a-d) . The textures in the Herrestad metagabbro suggest that the reaction of baddeleyite to zircon is fluid-assisted, and that baddeleyite is preserved where shielded from matrix reactions.
Regional geological implications
The protolith age of the Herrestad gabbro demonstrates that it belongs to the oldest generation of Mesoproterozoic mafic intrusions in this part of the shield. It is similar in age to the V€ armland hyperites north of lake V€ attern (Sö derlund et al., 2005) and the nearby Å ker metabasite (Sö derlund et al., 2004) . Sö derlund & Ask (2006) suggested that this generation of mafic magmatism might be associated with crustal fracturing and widespread rapakivi magmatism in SW Finland.
The 1562 6 6 Ma Å ker metagabbro (Sö derlund et al., 2004 ) is located about 25 km NNE of Herrestad (Fig. 1a) . Sö derlund et al. (2004) found several generations of metamorphic zircon, dated by SIMS at 1437 6 21, 1217 6 75 and 1006 6 68 Ma. Although based on few analyses, it was inferred that the older generation of metamorphic zircon was more abundant than the younger generations owing to a decreasing amount of Zr available from one metamorphic event to the next.
The almost complete lack of 1Á4 Ga zircon in the Herrestad metagabbro suggests that this gabbro did not experience significant metamorphic recrystallization during the 1Á47-1Á38 Ma Hallandian orogeny [see the review by Ulmius et al. (2015) ]. This is in contrast to other zircon data from the Eastern Segment (e.g. Christoffel et al., 1999; Sö derlund et al., , 2004 Mö ller et al., 2007; Brander et al., 2012) , but may simply reflect that coarse-grained gabbro is an extremely competent rock that can remain pristine in the absence of near-penetrative deformation and hydration. Several 1Á22 Ga mafic intrusions, syenites and granites occur across the Eastern Segment (Berglund, 1997; Sö derlund & Ask, 2006; Wik et al., 2009 ). Sö derlund et al. (2004 interpreted that the c. 1Á2 Ga zircons in the Å ker metagabbro formed in thermal response to such intrusions. Mafic intrusions of unknown age occur close to the Herrestad metagabbro and the single concordant 1Á2 Ga age of a zircon rim on baddeleyite in the Herrestad metagabbro may relate to this magmatic event; alternatively, these dates may represent mixed age domains as discussed above.
SUMMARY OF ZIRCON TEXTURES
This section, accompanied by Fig. 11 , attempts to summarize the variety of zircon textures ( Fig. 11; I-XIII) identified in the Herrestad metagabbro. Baddeleyite is considered to be a late crystallizing igneous phase similar to findings elsewhere by Heaman & LeCheminant (1993) . Baddeleyite that crystallized with primary ilmenite (I) and baddeleyite grains situated inside pyroxene (II) may, however, have crystallized earlier. The absence of igneous zircon in the olivine gabbro and its abundance in the olivine-free gabbro reflect that igneous zircon crystallized as a late igneous phase from a Zrsaturated melt enriched in silica (Scoates & Chamberlain, 1995) . The igneous zircon varies in shape but stubby prisms are most abundant (III). The majority of igneous zircon grains have partly altered (IV), fractured, or partly dissolved (V) domains, still partly preserving their magmatic isotope signature, although strongly discordant. The close spatial relationship between igneous zircon and baddeleyite in the olivine-free gabbro suggests that the two minerals crystallized almost simultaneously. Because no igneous zircon has been confirmed in the investigated garnet amphibolite this rock is interpreted to be derived from olivine gabbro devoid of igneous zircon.
Zircon rims on baddeleyite (VII, VIII) are a reaction product caused by the influx of silica. These rims may have formed during a single or several events, either syn-magmatic (owing to changes in silica activity) or metamorphic (by reactions releasing silica; Davidson & van Breemen, 1988) . A few zircon rims on baddeleyite situated in close proximity to igneous zircon have welldeveloped idiomorphic crystal faces, and formed as overgrowths of igneous zircon (IX). The majority of zircon rims on baddeleyite are truly polycrystalline and metamorphic in origin. Baddeleyite is everywhere rimmed by zircon, except for small grains shielded in major minerals in the olivine gabbro (II). In this rock the reaction in many places left only a thin film of zircon on the baddeleyite surface, whereas in the olivine-free gabbro and the metagabbro the reaction left only a core of baddeleyite. Where the baddeleyite-to-zircon reaction (late magmatic or metamorphic) has gone to completion a polycrystalline pseudomorph after baddeleyite might form (X), or more often the end product is a polycrystalline zircon aggregate without baddeleyite (XI). The polycrystalline zircon aggregates also become more compact with increasing metamorphic recrystallization of the rock, to form single BSE-homogeneous grains in the garnet amphibolite. Fluid-assisted sintering may have affected the polycrystalline zircon aggregates, allowing them to weld into a single grain without losing its internal polycrystalline structure, which is still visible in CL. Inclusion-rich zircon (VI) might have formed by a similar process, although it also shows resemblance to igneous zircon. The inclusion-rich zircon has been found only in one micro-domain of one sample, and the origin of this type is hard to prove.
Remains of baddeleyite imply that a later event could restart the reaction, resulting in a thicker zircon rim. Zircon rims in baddeleyite-bearing rocks may thus have formed during more than one silica-releasing event and have a complex age structure. This could explain at least parts of the variability in age, although it is clear that the major formation of metamorphic zircon took place during the Sveconorwegian orogeny, at c. 0Á97 Ga. Zr has to be removed to keep the volume of the baddeleyite-to-zircon reaction constant, and, although Zr is thought to be a relatively immobile element, recent studies have demonstrated thin-section scale mobility of Zr in the presence of aqueous fluids (e.g. Jiang et al., 2005; Rasmussen, 2005; Ayers et al., 2012) .
The Zr in solution will precipitate where nucleation is preferential [e.g. on Fe-Ti oxides (XII, XIII)], forming bead zircons. Bead zircon is abundant on the side of titanomagnetite facing towards baddeleyite (XII). In the olivine-free gabbro and the metagabbro, strings of bead zircon in titanomagnetite (presumably representing healed fractures) terminate at the titanomagnetite grain boundary (XIII). Bead zircon can thus form during any silica-releasing magmatic or metamorphic process as long as there are igneous Zr-bearing phases left to consume.
The textures in the metagabbro at Herrestad illustrate that a significant part of the total Zr content in the rock was originally hosted by baddeleyite and became locked into zircon at various stages of recrystallization in the presence of silica.
CONCLUSIONS
1. Baddeleyite is the main source for formation of metamorphic zircon during metamorphic recrystallization of mafic intrusions. 2. In baddeleyite-bearing mafic rocks metamorphic zircon will form during any stage of metamorphic recrystallization at which silica and Zr are released from the igneous minerals. 3. The Zr budget will become locked into metamorphic zircon through the metamorphic recrystallization process. Most metamorphic zircon in metabasic rocks is thereby bound to have formed during the first metamorphic recrystallization event. 4. If preserved, remnant grains of baddeleyite will be available for the formation of a later generation of metamorphic zircon. This may explain the presence of several age generations of micro-scale metamorphic zircon. 5. Zircon-forming reactions in the Herrestad gabbro took place both during late stages of igneous crystallization and during subsequent progressive metamorphic recrystallization of gabbro to garnet amphibolite. Polycrystalline zircon aggregates in metagabbro and garnet amphibolite consist of both late-magmatic and metamorphic grains.
